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I INTRODUCTION 


The study of the wings of insects has been one of the most fruit 
ful fields of entomology. The accessibility and the variability of 


the venation has attracted the attention of practically all students 


of entomology at one time or another. Here, as in no other organ of 
insects, thereis found opportunity to determine the phylogeny of the 
different groups. The systematist finds the numberless morphologi- 
Cal adaptations of the wing veins invaluable in classification be- 
cause of the ease with which they can be observed. 

Comstock and Needham were among the first to point out the close} 
relation existing between the pupal wing ABS aes and the adult wing 
veins. They made a study of many insects representing all the more 
important orders, and found that the veins and tracheae were closely 
related in those orders in which the tracheae precede the veins as 


Ordinarily stated. In certain groups the tracheae do not enter the 


wing until the veins are fully formed and are, therefore, valueless in 


(the determination of their homology. The Lepidoptera belong to the 


former class, in which a study of the tracheation aids in determining, 


the homology of the wing veins. 


Comstock and Needham also proposed a hypothetical type of the 
primitive nymphal wing tracheation (Fig. 1) from which, they affirmed, 


jail types of wing venation could be determined. Because their work 


dealt with all groups of insects, a comprehensive system of nomencla- 
ture was devised which could be applied to the wing veins and cells. 


This is a modification of the system proposed by Redtenbacher; but 


ithe premedia and post media of that author are omitted. The nomen- 
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clature of Comstock and Needham has been adopted. 
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Spuler, in his study of the venation of Lepidoptera, also devel- 


oped a hypothetical type of wing tracheation, but this was applied 
only to the Lepidoptera. He omitted costa and the fourth branch of 
media, and showed the third anal vein of the fore wing with two 
branches. He also figured both fore and hind wings with slight dif- 
ferences. 

In 1902, Enderlein published a paper which dealt. with the pupal 


wing tracheation of a few Lepidoptera. He showed the relationship 


existing between the tracheal system of the body and that of the wing 
As he studied only specialized forms, he associated media with the 
cubito-anal group of tracheae. Media undoubtedly belongs in the 
radio-medial group, as shown by Comstock and Needham. 

Enderlein divided the wing tracheae posterior to cubitus into 
two groups, the anal tracheae and the axillaries. The axillary 
tracheae are homologous with the third anal trachea of Comstock and 
Needham; and the latter name has been retained here. In the Lepi- 
doptera this trachea has two branches in both fore and hind wings in 
the generalized forms and in the fore wings of specialized forms. If 


these branches are represented by veins in the adult wing, it is us- 


ually only the anterior branch that is preserved. 

The pupal wings studied by Enderlein were those of Antheraea 
pernyi, Sphinx pinastri, Harpyia vinula, and Pieris brassicae. Al- 
though the title of the paper is "Eine einseitige Hemmungsbildung bei 
Telea polyphemus vom ontogenetischen Standpunkt", he did not study 
the pupal wings of Telea polyphemus. 

MacGillivray, 1912, published an account of the venation and 
tracheation of Stenopis thule. This insect shows a two-branched sub 


costa and a five-branched radiusin both wings and two ganal tracheae 
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}It has probably the most generalized wing venation of the Lepidop- 
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and veins in the fore wing and three in the hind wing. This form 


approaches the hypothetical type of Comstock and Needham very closely 


tera. 
Considerable light is thrown on the relationship of the pupal 
Wing tracheation and the venation of the adult wing, if the develop- 


ment of a wing of a butterfly or moth be considered. Mercer, '98, 


made such a study of the development of the wings of Pieris rapae, 
and the statements made in the following pages concerning the devel- 
opment of wings are based on his discussion of the subject. 

The first stage in the development of a wing is a thickening of | 
the cells of the hypodermis, the formation of an imaginal disk on the 
Side of the thoracic segment at the point where the wing is present 
in the adult. This condition is found in the youngest larva and is 
probably present in the embryo, though none were examined by him. 

When the larva is a few hours old, at most, a slight depression 
begins at the center of the imaginal disk. A pocket-like structure 


is formed by this invagination. The process is very slow at first 


but growth is more rapid as development proceeds. This stage of de- 


Serena 


velopment is completed about the time of the third moult of the lar- 


va, when an evagination commences to grow from the bottom of the 
pocket. This evagination proceeds rather rapidly, and the evagin- 
ated portion, or wing fundament, remains inside the invagination un- 
til just before pupation, when it is pushed out through the mouth of 
the invagination. Its position then is between the hypodermis and 
the cuticle. 

A supply of air must be furnished the wing fundament throughout 
its growth. This is accomplished in various ways at the different 


Stages of its development. Until the evagination of the wing is com 


Senki tieeaeditacdad 


L Av. ; ‘ > ie < 
«i obiaed ent To Jed in ey Ati®, Rose Tete gee: 


heaven ont TE , el oie i= 30 icawas wes | 
86", sonxe# . 8's OE Oe ‘ee riko: YETYe ziti? eK a 


SL5e 1) 2o. Son 4 et 20 sgt eat aay “te vad 


oT 
~ i ; 
: ie : A - ‘ i ae hi ne a ith tells . Lied tw an , : ak = " f ss 
oven old Raioreocdo ae Seis lio sae ae Aes MIA 
= 7 1 ? “- Z 
ee 4 al a 4 rt Raa ™ as i ae 5 cs ; os 
To" DUNE OT Yo Selenooals: sid’ aco hegbagas sae 
ag Si yh fy bel ee, ‘ Se es ple dg 3 a eo vee Fs +t. ‘ "%, ef Qn 
+ (cet ele” oS ey So eee NOL eveS ie cae Sgeave F 
te ' % . 


Woes: oe EL, Leer gemnd ne Te rostnerret: eds 4 rekon ons" 
SSO Gs anh eis 9 erty tale one he taseyee asosigns 
bi the OV Lat TRIOS I VE Oe» Nd fai6i &f Todt stinad eve vig ay 
ld <t S¢nitegne ote. anom diavnds - OUTHYS Se eae 
(QOLe asics Ja lle-ay to it ts lo #¢n0 FST 2 De, stat ony 4 
IMO H Ott Pate a oar ‘. . wRatD Cn Buin ims #3 ‘to tednee vs 


rota 


SoCll $e wole Wisyv 21, fesmEexg Bee ROLES TERRA: aide bh 
-Ob 1G onatn int  sisesseg cisag SLevem, we bigas. S70n ay) 


col ot? Jo tledn Predeeee ao dunked Bia Renu s Sgiaiqcoo i 
, ‘on ? 

fi lo wettod edit mart ¥Wotg og »gonvenss ngatanigs ait 
foaye oid: hey ee Lge tenes al deoetre Se 


ity 3 terimnrad edt’ ob? afk SE eset _eobeaneisanhs: =i 


Cistetiiy sip fat evew cuiay me 


are 8 f pare & w end: Seo tee seit eaeorg eats J. . 
sorte taryoes eden Pe pos & Pa bee ise oad ahem 


sgh 


| = 


| 
| 
| 
H 
| 
| 


i menced, the air is supplied by the tracheae of the body. After the 


| evagination has reached any considerable size, this method of air 

| supply becomes inadequate, and a special tracheal system must be de- 
veloped for each wing. 

| During the fourth larval stage, tracheoles are developed within 
| the célls of the epithelium of the large lateral longitudinal body 

| trachea. This trachea passes close to the mouth of the evagination 


and has furnished the air supply up to this period. These trach- 


eoles appear as bundles of coiled capillary air tubes practically 
filling the mother cells of the tracheal epitheliun. There can be 


© communication with the lumen of the body trachea until the intima 


racheoles then unroll and push out into the wing fundament, follow- 
ing the lymph spaces, which later develop into veins. These trach- 


eoles are known as the primary tracheoles to distinguish them from a 


. 
Lining this trachea is removed at the fourth, the next, moult. The 
different set developed later from the pupal wing trachea. 
Shortly before air is admitted into the tracheoles, a number of 
|e¢vaginations are formed from the epithelium of the same trachea that 
gave rise to the tracheoles. During the fifth larval stage these 
evaginations grow and push out into the wing fundament, and, in the 
icourse of their development, definite branches are formed. These | 
yconstitute the permanent tracheal system of the pupal wing. 
The growing tracheae enter the wing through the lymph spaces, 
as did the tracheoles. They are not functional until the final lar- 
« moult because the intima of the body trachea closes their mouths. 


|The removal of this intima allows the air to enter the wing tracheae. 


During the pupal period, the epithelium of the wing tracheae 


gives rise to a number of tracheoles which are developed from mother 
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cells in a similar manner to the primary tracheoles. These are 
known as the secondary tracheoles to distinguish them from the earl- 
der system. They aerate the region of the pupal wing between the 
main tracheae, the wing membrane. 

The veins, that is the cuticular framework of the wing, are 
formed during the pupal period after the entrance of the wing trach- 
eae. The vein cavities, however, are present from the time the two 
hypodermal layers of the wing fundament come together during the 
fourth larval stage. These cavities are the passages through which 
the primary tracheoles and the tracheae enter the wing fundament. In| 
some cases, however, Mercer found that the formation of a distinct 
vein cavity follows rather than precedes the entrance of a trachea 
into a particular part of the wing. This, however, is not the usual 
method of development. 

It would seem that the pupal wing tracheae outline an early 
stage in the development of the wing veins, because the tracheae en- 
ter along the lines of the vein cavities present in the larval wing. 
This condition is analagous to that of an exposed but undeveloped 
photographic plate. The developing veins are present, but it is 
very difficult or impossible to see es as is the case of the image 
on the plate. The tracheae enter these cavities and become filled 
with air, and it is then just as simple a matter to locate the vein 
cavities as it is to see the image after the plate is developed. 

However, it is immaterial in this discussion whether the vein 
Cavities are considered as preceding the tracheae in time of develop- 
ment or vice versa. A relationship, and a very close one, exists 
between the tracheae and the veins. If the veins are present before 


the tracheae, the latter outline their position and show an earlier, 
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and hence more generalized condition in their development. If the 
tracheae precede the veins, they they show a more generalized condi- 
tion of the veins because the latter are formed directly about them. 
When tracheae are found persisting where no cuticular veins are 
developed in the adult wing, it may be assumed that specialization by 
reduction has taken place in that region. It seems evident, there- 


fore, that a study of the tracheation of pupal wings should throw 


light on the manner in which the veins have been modified. This is 


the initial object of this paper. 


eee 


II PREPARATION OF MATERIAL 


Owing to the changes that are occurring in the pupal wings of 


insects, a methcd that is satisfactory at one period of development 


The simplest method followed is that used in the preparation of 
the youngest pupal wings that were studied. The wings were dissecte 
out of the pupal cases and were washed in clear water. The wings 


may be absolutely worthless at another. 
were then floated on the surface of the water to straighten them out 


and placed upon a microscope slide, where they were allowed to dry. 
No cover glass was used. | 

Preparations made in this way are permanent, some of the speci- 
mens made two years ago are in as good condition as those made three 
weeks ago. They are very resistent to bad usage and may be consid- 
ered about as fragile as photographic negatives. If photographs of 
such mounts are desired, they should be taken without wetting the 
specimen. As the tracheae crack somewhat in drying, water is ad- 
mitted into the betneed? tnteeeh, Wisi aet shoe well in the photo- 


graph,.as they are filled with the mounting medium. 
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The above method is not satisfactory in the preparation of those 
j Wings in which the veins have begun to thicken. These should be 
iphotographed before they are allowed to dry, and may be hardened in 


4% formol,as recommended by Comstock and Needham, if desired. If 


these specimens are allowed to dry, the veins disappear and only the 


tracheae can be identified. 

In the case of those wings in which the scales have begun to ap- 
pear, the wings need to be cleared before the tracheae can be seen. 
Glycerin jelly has usually been used for this purpose, but much bette! 
results were secured through the use of glycerin. A large percent- 
age of failures occurs when glycerin jelly is used, as the trachece 
frequently become filled with the mounting medium, owing to the heat | 
which must be used. There are no failures when glycerin is used; 
fall of the specimens make good mounts. Neither method gives 2 per- 
manent mount, and if a record of the wing is desired, it must be 
jphotographed. 

The operation of this method is simple; the wings are dissected 
washed in water,and placed on a slide. One or more drops of glycer- 
lin are added and a coverglass is placed on the mount. It should 


| stand for half a day or more to allow the object to clear, when it 


(can be photographed. In from three to seven days after the mount is 


made, the tracheae become filled with glycerin, and the mount is then 


lpractically worthless. This method is far superior to mounting in 


glycerin jelly because such mounts freauently become so clear in a 


few hours as to be worthless for photography. 


III THE TRACHEATION AND VENATION 


The venation and tracheation of the fore and hind wings of gen- 
5 \ 


(eralized Lepidoptera, such as Stenopis thule, are very similar in 
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jcharacter. This condition is characteristic of generalized insects 
lof most orders and indicates that the two pairs of wings are homo- 
Renencus in origin. All recent investigators have recognized this 
condition; and Comstock and Needham have proposed a single hypothet- | 
ical type of primitive wing tracheation (Fig. 1) as characteristic of 
both the fore and the hind wings. 

In the more specialized Lepidoptera, the Frenatae, specializa- 
tion has gabeeced in both wings. Owing to the difference in the 
ifunction of the two pairs of wings, the modifications which have oc- 
curred are very different in character. The object,which is attain- 
jed,is the formation of a triangular wing expanse which is wider ceph- 
alad and narrower caudad. The front wings are, therefore, long and 
inarrow while the hind wings are short and broad. This specializatio 

| 


has been accompanied by reduction in the different wing areas. 
1. The Fore Wings 


The greatest stress to which the wings of insects are subjected 
is exerted along the distal half of the cephalic margin of the fore 
Wing, where the greatest resistence to the wing is offered by the air 
There is, consequently, a need for some special strengthening of this 
region. This is accomplished in Lepidoptera by the grouping of 
costa, subcosta, and most, or all, of the branches of radius in a 
jnarrow area at the cephalic edge of the wing. Modifications also 
occur in the structure of the wing scales of this region which stif- 
fen this portion of the wing very materially. 

Reduction in the fore wings usually occurs in the anal area. 


As the hind wings are held in intimate contact with the fore wings, 


@ large development of the anal area would be useless, or even dnjur- 
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| ious , due to the extensive overlapping which would result. Beduos 
1 ‘= also occurs in the radial region of some Lepidoptera; while the 
| base of media is atrophied in the non-specialized forms. 

Costa:- Costa is figured (Fig. 1) in Comstock and Needham's 
hypothetical type as an unbranched trachea extending about one-half 
the distance to the apex of the wing. Spuler omitted it in his fig-| 
ure of the hypothetical type of the primitive lepidopterous venation. 
All of the pupal wings he figured are of insects in which the costal 
trachea is minute-or wanting. The apparent absence of this trachea 
led to the belief that costa was not preceded by a pupal wing trach- 
ea and, therefore ,was not a true vein. Spuler, therefore, considered} 

this vein merely as 2 thickening of the cephalic margin of the wing. 


In &. thule, however, the structure of the costal vein and trachea is 


identical with that of the other veins, leaving no doubt as to the 


In those Lepidoptera studied, there is a considerable amount of 
variation in the degree of development of the costal trachea. In 


some cases it is rudimentary, as in Euclea querceti (Fig. 3) and 


Oe -_ — 


| 
| 

se of this structure. 
Alypia octomaculata (Fig. 8), while in other cases, particularly in i 
the Saturniidae, it is one of the veopent trachea present in the ! 
pupal wing. : 

In the single wing of Gelechia (Fig. 2) available for study, 

costa was developed to about the same degree as indicated in the hy- 
pothetical wing type. All of the Ceratoeampidae examined had a cost 


al trachea present in the fore wings, although it was not as conspic- 


— as in the Saturniidae. It is moderately well developed in 


peaesiona imperialis (Fig. 11) and in Citheronia regalis (Fig. 14). 


}In Anisota rubicunda, A. senatoria and A. stigma it is only weakly 
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| developed, although it is always present. 
In the Saturniidae,costa is one of the strongest of the pupal 
| wing tracheae. Although there is a certain amount of variation, thi 
j trachea never becomes much reduced in this group. This is illus- 
trated by the figures here shown: Antomeris io (Fig. 18), Telea 
polyphemus (Fig. 22), Tropaea luna (Fig. 26), Callosamia promethea 
(Fig. 30), Samia rubra (Fig. 32), Samia cecropia (Fig. 35), Roths- 
Childia orizaba (Fig. 44) and Philosamia cynthea (Fig. 47). In the 
jpupal wings of Ampelophaga myron (Fig. 50) costa, although present, 
is a2 very weak trachea which follows the course of the costal vein 
for about a quarter of its length. No trace of the costal trachea 
was found in the pupal wings of Epargyreus tityrus (Fig. 53) nor of 
Papilio troilus (Fig. 57) in any of the specimens examined. 


Subcosta:=— Subcosta is the trachea which lies caudad of coste. 


jin the hypothetical type (Fig. 1) it is two-branched. Spuler figure 
lsubcosta with only one branch,and numbers it I, owing to his omission 
iof the costal vein. The fact that subcosta is primarily two-branche 
iis shown by the condition in Stenopis thule, figured by MacGillivray, 
iwhere two well-developed branches are present. The reason for Spu- 
ler's failure to recognize this condition is that the generalized 
form that he studied, Hepialus sylvinus, did not possess a two- 


branched subcostal vein. 


The first branch of subcosta is lost by atrophy. This is evi- 


| dent when the condition in Stenopis thule is compared with Hepialus. 


x the former species, Se, is situated at a considerable distance 
| 
: 
- the tip of SCs. It is represented by a comparatively weak 


trachea, which is sometimes wanting in other species of the genus. 


This, together with the fact that the subcostal trachea forks so far 
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proximad of the point of origin of the free part of Sey, Clearly in- 
dicates that this vein is in the process of suppression and leads to 
the conclusion that the loss is due to atrophy. Complete coalescenc 
is out of the question because of the distance that this branch lies 
from the tip of Sp. 

The branch Sc, is always wanting in the Frenatae so far as ob- 
served. In the figure of the adult wing of Samia cecropia (Fig.33), 


there is a minute branch developed near the tip of Sco. This is un- 


doubtedly a secondary development, as none of the other cecropia wings 
; | 
examined possessed a similar structure. | 

No instance was found in which the trachea Secs was wanting or 


even noticeably reduced in any of the pupal. wings studied. This 


trachea was, without exception, one of the strongest tracheae peepee 
in the fore wing. The following figures illustrate the condition of 
the subcostal trachea:- Gelechia sp. (Fig. 2), Euclea querceti (Fig. 
3), Alypia octomaculata (Fig. 8), Basilona imperialis (Fig. 11), 
Samia rubra (Fig. 32), Ampelophaga my on (Fig. 50), Epargyreus tity- 


rus (Fig. 53) and Papilio troilus (Fig. 57). 


The Radius:- The third main trachea, according to Comstock and — 


Needham's hypothetical type (Fig. 1),and the second,according to 


Spuler's,is radius, which is typically five-branched. It divides 


first into an unbranched trachea, R,,and a stem, the radial sector, 


which divided dichotomously to Be: branches Ro, and Ry,> which 

in turn divide dichotomously to form four branches, Ro, Rg, Ry and Rs 
This method of dichotomy is usually modified in the Lepidoptera. Al- 
though many of those wings studied possess a five-branched radius, 


yet a very few of them followed this typical plan. The greatest 


amount of reduction among the forms studied was observed in the Sat- 
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Deraiidec and Ceratocampidae. In the former radius frquently has but 
jthree branches. 

The fact that the base of media is wanting in most Lepidoptera 
jobscures the branching of the radial vein, because either the first, 
}Or the first and second branches of media are attached to the radial 
stem by the radio-medial cross-vein. This makes these branches of 
media appear as branches of the radial vein. The relation of these 
branches to radius will be discussed under the head of media. 

but the typical dichotomy has been lost. It is interesting to note 
that the branching of the trachea takes place,in this species,within 
the body of the insect. The only exception found is in the case of 
ithe third and fourth branches,which are united until within a short 
distance of the fork of the veins Rs and Ry. All the tracheae, how- 
lever, follow the cavity of the radial vein, and are wound around each 
other in an irregular,loose coil. 

The radial trachea, which is five-branched, in Alypea octomacu- 
llata (Fig. 7) is only slightly modified from the hypothetical type. 


As may be noted, the veins Rz and Ry anastomose for a portion of the ! 


I 
| 
| 


course of these branches of the vein and lie adjacent in the same 
vein cavity, Ray4> for a portion of their length, proving the homol- 


ogy of the branches. This is an intermediate step in the complete 


suppression of the typical dichotomy of the radial sector in certain 
peepidoptere. The loss of this cross-vein-like portion of Re, either 
by its migration to the first fork of the radial sector,or by its 
atrophy, completes the destruction of the typical dichotomy. The 


' former is the method by which the proximal portion of Rz is removed, 


length, dividing the cell Rg into two parts. The trachea follow the} 
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pecause intermediate steps may be found in the adult wing venation. 


The figure of Datana ministra (Fig. 63) illustrates the condition 
Which follows this; radius is still five-branched, but the branches 
do not arise according to the typical dichotomy. 

I Reduction has taken place in the radial area in the Ceratocampi- 
liaae, and the radial trachea has followed the specialization of the 
Reine veins. This condition is due to the suppression of a staze in 
the ontogeny of the insect and indicates that the loss of the missing 
jjbranch of radius occurred long ago in the history of the race. As 
a result, the study of the radial trachea does not aid in the deter- 
Mai Aation of the homology of the branches of the radial vein. 

The only manner in which the homology of the branches of radius 
"may be determined is through a comparative study of the wing veins of 
_|members of this and closely related groups. In the Lepidoptera, re- 
Tauction may take place either by the atrophy or by the coalescence of 
ithe veins concerned. The latter seems to be the case in this in- 


jistance, R, and R, being the branches uniting. 


3 
There are several ways in which this reduction might occur. 


|{Comstock, in his Manual for the Study ef Insects, indicates that this) 


‘||reduction is due to the atrophy of the second branch of radius. This} 


‘J[eonciusion is probably reached because of the tendency toward atrophy 


eA 


which occurs in some of the radial branches of the Saturniina. It 


b 
Wis, however, very difficult to prove that the second branch is the 


|oranch that is atrophied. 


Enderlein considers that the reduction which occurs in the Sat- 


| 


urniidae is. due to the coalescence of R, and R, with M,. This is, 


of course, out of the question as it would be impossible to account 


for the four-branched condition in the Ceratocampidae if this were 
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the solution of the problem. Spuler does not figure any wings of tk 


7 
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Saturniidae. 


Reduction in the radius occurs in other groups of the Lepidopte 


by the coalescence of R, and Rz, Rg and Ry, and Ry and Rg. The most 


frequent of these is the coalescence of Rzand R,. The only instance 


of the coalescence of Ro and Rg are found in the Sphingidae, Lacosom- 


j lidae and Lasiocampidae. The coalescence of R, and R, takes place in 
| many Tineina and is nearly reached in certain of the Arctiidae. 

| The Saturniina were separated from the remainder of the Lepidop- 
itera quite a long time azo. This is proved by the uniform absence 
jot at least one branch of radius with no indication in the ontogeny 
jas to the manner in which this reduction occurred. They are not 

) Biiosely related to any of those families which indicate a tendency to 
| ward the coalescence of Ro and Rg. The nearest of these, the Sphin- 
exanc ; separated from the main stem even earlier than did the Satur- 
[atidae so that there has been abundant opportunity for the reduction 


lof radius to proceed along diverse lines of specialization. This 


i group is not close to the Tineina and the tendency toward the coales- 
ycence of Rz and R, is about as strong as towards the coalescence of 


IR, and Rg as in Arctiidae. 


Proof is lacking, at present, as to the method of the reduction 


lof the number of branches of radius. It seems, however, that it is 


_ 'i|more characteristic of the Lepidoptera for the reduction of radius to 


floccur by the coalescence of Rz and Ry than in any other way. This 


‘|| tendency is probably due to. the anastomosis of Rzand Ry, which,as has 


already been shown, causes the suppression of the typical dichotomy 


jot radius. The completion of the anastomosis of the proximal por- 


tions of these branches leaves the free parts of Rs and R, the short- 


W 


4) 


IL 


Pees 


- 
> we 
a ae $ 
a id < on te 
< 
r ~~ y 
“Re - i % 
= 
F m7 : 
4 ¥ e 
i . Z 
& ‘ 
” 
+ 
~# 
= Ar Ree € i oe 
» if { 4 
‘ a Ge ° . ” 
= 
. - ‘ 
\ 
— ~- L- . 
, 
a fon 8 dn . Sere. 
Ww " 5 
: we . x Lye f 
Ra 1 
@ Whe ini . " 
. 
” ’ sa * ‘ 
* or s ue . ue 
“ . ex 
\ ‘ . i ea a 
‘ 
‘. ai ' 
' : . on Sh te a 
: u hide Ta pi 4 
orn : fy < \ 
Oe Re ee > Sa ee 4 “ 
> = 
a . a we V 
; Ly P ey" 
} ie PS re i rv ia ae 
a - 
- 
} 
et te ‘ 
eo = bg bi 
; 
“f * 
~ w . ~ - ~ 
i 4 Ht me 
) ‘ W< * - * ¥ $y 
> 
1 
: ‘ a ri 
4 = a ee) A 
. 
1 
; 
Y a - 
| | e 
a, * « Ye " 
h 
| Roe 
a: 


Se RCS TET, Sy i A 


reifai tM) ee eee 


Louden 62708 asain ites pitusetog 2 


to yee ms ne ad 4 
heen. 3 ? idedore, afta 


An ¥ i 


r ‘s + yee g bo had 
, & Mee a —_ r eo 
ri ? 
—— : » 
i meth € rN 
. 4 ae thew nd ge tal 4 de ee a te 
r e ‘ ~ 
? ’ 
\ ot aa * 
” q 
‘ LF if See” § oF ake ~ “ 
' 
F ia m 
= ad aay, . 45 we . 
‘ fo est oo) o 
- iy, a “ -~ sa! - 
\ 
rn . a) 
ars = 4 
‘ a we a ate ~ 
i 
. } PY > 4 
a ‘ Se a - eS dab 
: ‘ 
wy ree _ ~~ b re * ' 
. a, a ae ee > a tthe kee GP # 
' ** 
of M * 
~ ‘a ‘ee ake <a & artes - 
} ee “ fd é 
~~ we were be ® - . 
_ 
o- * 
F ‘ aor we “ - 
Lb) ~ oe ~ ow oe Lae 
i, a ‘ ” -_— of ey, ~- 
- weed en an a tin 
A .- 
i 7 rz re na rvs 
: to gegeeds 60" 
be ru . ) iit. Vhs oe 8 ee, pholn iio es 
2 


‘coset ef? bor aniese eae go esole 
- lo wT, ds tae Te wie a - G he 24 
go Rape OF 8b s063c8 shat | &= ee Gs a 
sombetits ch cd oe 


al ae 


bosten, ee oF: a dime ot 


rab cei GEL 


= 1 


est of the branches of radius. Rz and Ry are, therefore, most like- 
ly to coalesce in the Lepidoptera because this coalescence is already 
well under way. Until stronger evidence is advanced that the reduc- 
| tion in the number of branches of radius has occurred in some other 
Way, it would seem best to consider that the reduction has taken 
place by the coalescence of Rgand Ry 


Further reduction of radius occurs in the Saturniidae where the 


| reduction is caused by the atrophy of the free part of Ro. That 
this loss occurs by atrophy is proved by the condition in Samia cecro 
pia. Here individuals are found with the radius consisting of four 


branches while others have but three. This free part is far enough 


loss as due to coalescence. A number of wings were examined with 
the following result: Radius four-branched, seven; radius three- 
branched, sixteen. The same condition was observed in Callosamia 
angulifera,but no data was collected, as the number of wings examined 
was small. In Telea polyphemus (Fig. 20) the reduction is complete 
-and all the adults had a radius with only three branches, in all the 


Specimens examined. 


from the tip of the wing so that it is impossible to consider this 
In the Ceratocampidae, the radial trachea is reduced even fur- l 


ther than the radial vein. In the adult wing of Citheronia regalis 


sae ¢ - 


| (Fig. 18) the radial vein is four-branched. In the pupal wing, how- 


ever (Fig. 14), the radial trachea has but three branches. The same 


|condition occurs in Anisota where the wings have four-branched radial 


iveins and three-branched radial tracheae. 


In the Saturniidae also, there are usually fewer branches to the 


} radial trachea than to the radial vein of the same species. Owing 


ito the abundance of material a more thorough study was made inthe 
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@ase of Samia cecropia than in the other members of the family; and 


ithe number of tracheal branches present was found to be variable. 


: 


) In all the specimens of this species examined, the cephalic 


| branches of radius were found to be weaker than those caudad. The 
Dareatest amount of variation in these tracheae is found in Ry» which 
is completely wanting in some specimens (Fig. 35) although this is 
rather an unusual condition. Reed is always weaker than Re althoug 


this may not be conspicuous in some cases (Fig. 38), in others it is 


very pronounced (Fig. 35). 
It is interesting to note that the reduction of the trachea oc- 


curs before the corresponding reduction in the vein takes place. 


ee 


This is true in Citheronia regalis where there is a four-branched 
vein and a three-branched trachea. It is true in Samia cecropia 


a 


where the vein has either three or four branches while the trachea 


ispecies seems under way, as the basal portion of Ry is atrophied, 
leaving it unconnected with the radial stem. 
In the only member of the Sphingidae examined, A. myron (Fig. 


152), radius is four-branched in both the adult wing veins and in the | 


pupal wing tracheae. The reduction, which has occurred, has taken ; 


| 
has but two or three. Further reduction in the radial vein of this 


|place through the coalescence of Re and Ry. This must be determined 
by @ comparative study of the members of this family, as the tracheae 


are reduced to the same condition as are the veins. In Hemaris 


i: hysbe the branches Ro and Ra are not completely fused, thus illus- 


eo. the manner in which the reduction of radius has taken place 


jin this family. 
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An entirely different line of specialization occurs in the front 


wings of ‘the butterflies, as was pointed out by Headlee. There is a 
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splitting-back of Ry 80 that it arises from the radial stem very clos 
jto the base of the wing. This is characteristic of all the butter- 


The proximal portion of the vein Rays 


pretss There is a scar on the radial stem near the proximal end of 


| 


is atrophied in the adult 
the discal cell and another just below the distal end of the same, | 
@=% ef which indicates the primitive position of the vein (Fig. 55). 
This is verified by an examination of the pupal wings of Epargyreus 
tityrus (Fig. 53) and Papilio troilus(Fig. 57) where the proximal 
portion of the trachea is retained. 


Media:- The trachea and vein caudad of radius is media. Com= 


| 


| 


| shown in the hypothetical type (Fig. 1). Media branches dichotomous 


stock and Needham consider that this vein has four branches, as is 


ly to form two main branches, and Me 44> which again divide to 


gue 
form four branches. Media is connected with radius by the radio- 
medial cross-vein and with cubitus by the medio-cubital cross-vein. 
Another cross-vein, the medial, connects the two main branches of 
media or My and Mz. As these cross-veins are not preceded by trach- 
eae in the nymphal wing, they are not figured in the hypothetical 
type. , 
In the Lepidoptera media is never found with more than three 
jbranches. Spuler, therefore, does not include a fourth branch in 


his figure of the lepidopterous type, and makes no attempt to explain| 


ithe method of reduction. Comstock and Needham considered that the 


| 
| 


| | the Jugatae. This supposition was based on a wing of Stenopis in 


; 


i 


fourth branch of media coalesced with the first branch of cubitus in 


which the cephalic branch of cubitus is again forked. The extra, 


ei sah, Yn, Ae sitter Bares, 


> » i \ ee Fk ew he 
a ha eM ae ? aif . it ye aeras 
vi Ct Ss 4S ede |S . in abo ye ' 
LES. era ; ay Be ks ts GP ke, HE haw be te af sed Pie? 
iy ¥ 
t r " ‘ * A ~~ 
vi + a tes 2 “ “ eet 7 r ed 
i Oth. ~~ HOsiveplivaeaw ine We Sf) 5 eae 
, t,o ‘ ‘ 2G. <x 
wre a | = ary 
i } * S ~ 
‘ 3 Pe eS Resets | ee Me 
° Pub a Ta r if 4 eh - 
«ee i td DS FG ON 
; cy P , ‘ ite 
wie a ef ae he & y ered = we. a eh 
-~ é A * % . a ov & +a eal ef 
raat | See RL TG EG Pie Bit 7) eee 
f 
¥ t y 
+ ¥ ' ‘ chs de ¢ 24 gf eee 
ge ST ay) . = Fy, e i = , 3 Shite 2 a 
. n ma * ot oe t i 
‘2 y 7 3, 4 os. a 
», wae ray 2 fad | on ‘ REGUS nak, Ae 7 ‘a 
A a a ‘ 


‘ 
ra 
. 
$ 
« 
é 
» | 
i 
& 
é 
} 
a 
* 
& 


me uve ve. avdicito, GPa Oa Bee vse 


he : i & ws ae a dy 2 er o> * < ‘ 
Ah es & «as . * a ON: r=" ote Yate 2 “ atia® =~ O94; “a 


rd 


a 
-) - i 


‘ hi - "A 
aed: teaveg, az oie Aneiqoo2200 A/ 
aby font ham send “ehetaasas of se luae i 


bee ome eta: ond 20 oe 


oe 
be: i 


ir ae * 


lhave been completed. This cannot be the case, as is shown by Mac- 


Gillivray. This condition in the wing studied by Comstock and Need- 
{ham is an abnormality because practically all the members of this -: 

}species have Cay unbranched. There is a great deal of variation in 
j the venation of the wings in the Hepialidae, as extra branches to the 
veins are of frequent occurrence. Consequently,the presence of this 


extra vein in a single specimen can be of no weight in deciding what 


| 
) 
| 
| 
bis become of the fourth branch of media. There can be no doubt but 
that both the trachea and the vein normally have only three branches 
in all members of the Lepidoptera. | 

The reduction of media is probably accomplished by the complete 
lcoalescence of Mz and Mz. The homolosy of the cephalic branches is 
proved by the location of the medial cross-vein, and by the dichotomy 
of the trachea. As this cross-vein always connects the second and 
third branches of media, the two branches cephalad must be My and M., 
because it connects the latter with the caudal branch. This connect 
ing vein must be the medial cross-vein, because it is not preceded by 
@ trachea in any of the wings examined. 
of the caudal branches takes place. It might occur by the atrophy 
of either or by the coalescence of the two branches. The latter wil 
be the method which will be assumed to occur in this group. 

One of the characteristic modifications of the lepidopterous 
j Wing is the atrophy of the proximal portion of media. It is retain- 
led by some of the more generalized Lepidoptera, but it is wanting in 
| the great majority of the members of this group. Pupae of none of 


ithe species in which the proximal portion of media is retained were 


Complete proof is wanting as to the manner in which the reduction 
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| available for study. In those species in which the base of media is 
} 8trophied, the branches of media are attached to the radial and cu- 
bital trunks by the radio-medial and the medio-cubital cross-veins. 


jin many instances, this union is so complete that, on superficial ex- 


bitus. 


An examination of the pupal wings is usually sufficient to re- 


move all doubt of the homology of media, as the proximal portion of 


the trachea is retained, and the cross-veins are usually not repre- 


amination, these branches appear to be branches of radius or of cu- 

curred in the pupal wings and secondary tracheae arising from the 
radial and cubital trunks have been developed and follow the course 
of these cross-veins. These secondary tracheae are found developed 
in many forms scattered through many families; but they are very un- 


jusual in generalized Lepidoptera. 


The presence of these secondary tracheae is very erratic, only 
in exceptional cases is an entire family found which possesses them. 
In the case of Euclea quérceti, no secondary tracheae were developed, 


while in Prolimacodes scaph2,a secondary trachea was developed from 


sented by tracheaze. In some forms, however, specialization has oc- 


H 
radius without exception, among the specimens examined. The | 
|Saturniidae is the only family in which all the members examined were 


‘found to have this peculiarity. In this case, however, the Cerate- 


| 


— are very closely allied to the Saturniidae, did not 


puer° secondary tracheae developed in any of the pupal wings examined. 
In the Nymphalidae, they are present in Anosia but not in Basilarchia 

. brassicae and P. rapae are figured by Spuler as possessing 
well-developed secondary tracheae, but Papilio, which belongs in a 


related family, did not possess them in any of the wings examined. 
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| Spuler, however, includes one of these tracheae in a figure of P. 
machaon, but it is much reduced in size. These facts show that this 
eondition occurs very widely in many groups, particularly in those 
more specialized; but that it is nowhere a general development. 

The very fact of the irregular distribution of these secondary 
tracheae and the very high degree of variability which is character- 
istic of them, practically constitutes proof that they are secondary 
developments. 

If all those forms,which possess these tracheae,were developed 
from a common ancestor, as would necessarily be the case if they were 
not secondary in origin, all those Lepidoptera having them should 
fall into a well-marked group or series of groups,characterised by 
many common points of similarity. If the attemptwere made to include 
all the species which have this peculiarity in a single group, it 
would include practically all the Frenatae. Then to account for the 
absence of these secondary tracheae in the vast majority of the Fren- 
jatae, the assumption must be made that they were generally atrophied. 
As these tracheae are internal organs of little or no possible use in 
forming a basis for natural selection, it is extremely improbable thay 
such a general atrophy would occur. It would be natural to suppose 


that those forms which have undergone the least change in form from 


this hypothetical ancestor would be most likely to possess the char- 


acter. However, this is not the case. The condition of the trach- 
eae indicates, rather, that there has been a suppression of a stage 
fin the ontogeny of the insect. The condition realized, when these 


tracheae are developed, is one of greater similarity to the adult wi 


}Venation than where they are wanting. It appears, therefore, that 


" tracheation is assuming the specialization characteristic of the 
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| 
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adult wing venation with the consequent loss of the more generalized 
tracheation. 
It is evident, then, that Enderlein's hypothesis that the trach- 


}ea developed from radius was R and that the one developed from 


445 
iCubitus precedes the medio-cubital cross-vein cannot be the case, be- 


}cause neither of these two veins are secondary in nature. 


j Studied, media was three-branched in the adult. This was usually 


Once the secondary nature of these tracheae is understood, it is 


Simple to homologize the medial vein and trachea. In all the speci 


true in the pupal wings, as well; but in a few cases the medial 
trachea was reduced owing to the development of a secondary trachea. 


|The first branch of media was the only one to atrophy in this manner, 
) 
fas is illustrated by Samia cecropia (Fig. 38). This condition is 


| 


jrather rare in the fore wings. 


In Euclea querceti (Fig. 3), Alypia octomaculata (Fig. 8) and in 


211 the Ceratocampidae examined (Citheronia regalis, Fig. 14) the 


jmedial trachea was three-branched with no secondary tracheae develop 
jin Prolimacodes scapha,media is two-branched, and the atrophied 
branch, M,, is replaced by a secondary branch of radius. In most | 


the wings of the Saturniidae examined,media is three-branched with a 


ssecondary trachea developed from radius, and frequently one from cu- 
| 
jbitus. This condition is found in Automeris io (Fig. 18), Telea 


| 
| 
| 


jis &@ great amount of variation shown in the condition of My. In one 


polyphemus (Fig. 22), Callosamia promethea (Fig. 30), Samia rubra 


kax (Fig. 32) and Samia cecropia (Fig. 35). In Samia cecropia there 


jinstance (Fig. 38) this trachea is atrophied. 


In Ampelophaga myron (Fig. 1), Epargyreus tityrus (Fig. 53), and 
jiin Papilio troilus (Fig. 57) media is three-branched with no indica- 
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sion of secondary trachea in the wing. 
Gubi tis :- Cubitus is the trachea next caudad of media. Com- 
|| stock and Needham, and Spuler figure this trachea as two-branched. 
fin those Lepidoptera studied, cubitus was one of the most constant 
tracheae found in the pupal wing. The only marked modification is 
'jthe development of a secondary trachea in the Saturniidae and Anosia, 
}as was mentioned above. The cubital trachea was found invariably 

| well-developed, never being materially reduced in size. There is 
very little variation in the cubital vein in the adult wing. 

The condition of cubitus is illustrated by Euclea querceti (Fig. 
13), Alypia octomaculata (Fig. 8), Basilarchia imperialis (Fig. 11), 
jCitheronia regalis(Fig. 14), Samia cecropia (Fig. 37), Ampelophoga 
Myron (Fig. 51), Ewryreus tityrus (Fig. 53) and Papilio troilus 


— 


(Fig. 57). In none of the above examples is a secondary trachea de- 
veloped. In another example of Samia cecropia (Fig. 35), however, 
ja secondary trachea is found. This is the usual case among saturn- 
| ians ,as is shown by the presence of such a trachea in over three- 
/fourths of the specimens of S. cecropia and in practically all of the 
| saturnians examined. ; | | 
The Anal Area:- In Comstock and Needham's figure of the hypo- | 
| Ithetical type, the anal tracheae are ficured as three unbranched 


ltracheae caudad of cubitus. They are called the first, second, and 


ithird anal tracheae (lst A, end A, 3d A). Spuler also figures three| 


| nal tracheae, but he shows the third one branched. This condition 


is characteristic of the Lepidoptera. The names applied by Spuler 


to these tracheae were V, alpha, and beta, respectively. He made no 
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The first anal vein is wanting in all of the fore wings examined 
The trachea, however, is uniformly present; and is at least fairly 
well-developed, as is shown by the following examples: Euclea quer- 
geti (Fig. 5), Alypia cotomaculata (Fig. 8), Basilone imperialis (Fig 
‘Samia rubra (Fig. 32), Eparzyreus tityrus (Fig. 53) and Papilio troi- 
jjaus (Fig. 57). 

‘| The second anal vein is present in all the species examined. 
WThe trachea which precedes this vein is the strongest of the anal 

|i tracheae. It is present in all the specimens examined and is illus- 
trated by the figures listed above. 

| The third anal trachea was branched in a majority of the pupal 
Wings examined, as was pointed out by Spuler. Enderlein found a 
similar condition in the pupal wings that he studied and named these 
\itracheae the axillaries. There can be no doubt, however, that the - 
jjaxillaries are homologous Witithe third anal trachea of Comstock and 


| Needham, the only modification is the presence of two branches in- 


stead of one. Their point of origin and position in the wing is 


| 

identical with that of the third anal trachea. Enderlein figures | 
| 

| 


|his axillarics as arising independently and this condition was found 


lin several instances. In the majority of cases, however, the main 


| sten of the third anal trachea is present, usually extending well in- 


to the wing before branching occurs. 


5 The first branch of the third anal vein was found in a majority 


jot the adult wings examined, and was coalesced with the second anal 


vein for the greater part of its length, only a comparatively small 


llportion of the proximal end is free. The tracheation of the pupal 


Iwing also indicates this coalescence with the second anal vein(Figs. 


3, 8, 50, and 53). The first branch of the third anal trachea fol- 


at een a ee 


6o% sx Pou 7 we fk, 06 aceoe ne Sa wt wots se ue 
ei fata spell yale Oi dame) aRbia nine ie, mints | 
at OL. Sumi Ria | tem.) ena coin, eee 3a 
. es aa a 


sigma ase boecea ore Lie fe eee ee ee eee oe 


~~ | i 
r bv « fb ‘ ‘ Xe a i 7 | 
* pa i. + aa es d ft Tr ate - “ eee tnae ua Foe Te t 
— 3 
’ 
/ 
a i. e 4 
OV One 247% S220 Rc 
ta 
* \ ' a , * by % A, ad 
“ ths Ree ee a oe t+, DS 7 ‘ @, oO Orca ul Pe. eh 
. \ Pies . » a : f De bh Ay E : 7 
Fd sd ce ee a, ; & t¢ Lo ae one &B + 
) ‘ he ~ £ < a i “a | ¢ - 7 <<. - 
or 4 ee aie oy ie en ~ 2 iy st aw . wv 4, now ta mr or ’ dj 5 
eer ae cS ay Jhecee oe § a» a ag YI us ee a Ve tS Csi. as HOEF 


oe r ‘a ae re ee + alt ee, a - * va w™ * sip sof 
an Ud aise e tae? © 2) eT ay any Die SE awd & teal ee: +2 til 
es ain: Deaniil & ods od oe erro : , ae er | 7), nb be F on tis : if f 4 
SiS 2 ios SO Met ae ae LAS Le 26484 D2 ay Bees y MIMAEL9 sisi p, 
= pe sli . -) ail . % ; 


~2i eddoseid o@2 16 Gompegtg ort BE gatseairee Asi yino ¢ 


“ii toin ood ob pottieeg fae sidtte We sei 7 ‘ 


re - az we — . " a 4 ay a es 
. be ae ae oD as os 2 a 4 o 4! Hee bet | i, a Ful ws Bs & “3 ie sei » 
‘ = ’ : : 


bhovogd mee gofeihavs gid Boe wadnebagequne ent wate. a & ‘= 


aAlom hs. Levewod . OeReo. Ti ee sac a at) Sons? as 


ae 


<fow packs et fie (oleuwen , Peegetees agtivase Lene baii2 

; ‘aahe getigmesd rotse 
yeitoter 2 tt Gaal Baw as v, Lene bande wide BO eine soni 
tage, brabin ‘ ott alt Ree ax Age wet nie, Spiess vane* 2a 
figow vievidetie 2 eins, ‘sdggeat te 


anh wipe’ 
i 
# 


4 


&é ihe oS ay 2h ae ere ealoos ys att ee “2 5 wd 
' : i ie in a ie 


' 
ai 
” 


aot Tittee Laas bec obta < bets * oa P06 t 66 


through 


It seems likely, however, that there are two lines of speciali- 


zation in the wings of Lepidoptera. In the moths, at least, it 


yseems that the coalescence of these two veins may take place even 


When the distal portion of the first anal trachea lies at a consider- 


fjable distance from the second anal trachea. This is true in the 


WSaturniidae as is shown in the adult (Fig. 43) and pupal wings (Fig. 
4 44) of Rothschildia orizaba. The proximal portion of the first 


branch of the third anal trachea is represented by a vein which co- 


“alesces with the second anal vein, while the distal portion of this 


|itrachea does not approximate the position of the second anal trachea. 


As this is connected by intermediate forms with others in the group 


jin which there can be no doubt of the homology, it seems likely that 


where only a single vein is retained in the adult wing it is probably 


|ithe second anal and the first branch of the third in which coalescenc 


thas become complete. This tendency is indicated by the manner in 


‘which the proximal portions of the two veins draw together and the 


‘point of union migrates towards the base of the wing. 


ral 


In Papilio (Fig. 57) there seems to be another line of develop- 


ment. Here both the vein and trachea of the first branch of the th 


third anal arise from the proximal end of the second anal vein. The 


distal portion of the vein curves strongly caudad and terminates at 


ae caudal margin of the wing. The trachea turns and extends along 


the caudal margin to the anal angle of the wing. Owing to the lack 


fot material it is not possible to determine if this line of develops 


|ment is characteristic of the butterflies. 


The second branch of the third anal vein is wanting in the adult 
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ings of practically all Lepidoptera. The loss of this vein has bee 
due to atrophy, as is shown by the continued presence of the trachea 
while no vein is formed around it. It is always a weak trachea 
which extends along the caudal margin of the wing in much the same 
manner that costa follows the cephalic margin. The second branch of 
| the third anal trachea is represented in Fuclea guerceti (Fig. 3), 
| octomaculata (Fig. 8), Citheronia regalis (Fig. 14), Telea 
Wpolyphems (Fig. 3%), Samia cecropia (Fig. 39), Rothschildia orizaba 

I (Fig. 44), Ampelophaga myron (Fig. 50), Eprzyreus tityrus (Fig. 53), 
fland Papilio troilus (Fig. 57). This trachea was found to be pres- 
jent in at least one example whenever a considerable series of speci- 
| mens of any Single species was examined. This indicates that it is 
MeeAabotistic of the Lepidoptera. 
| In addition to the two branches of the third anal trachea that 
are normally present in the pupal wing, secondary tracheae are fre- 

| quently developed. They have the appearance of the normal branches 
of the third anal trachea and are attached either to the main stem or 
\ the second branch. They are usually quite weak. The lack of uni- 
| formity in their point of origin and hucwes even in the two wings of} 
ll tne same individual, proves that ey are merely secondary in char- 
| acter. 
| 6. The Hind Wings 


The specialization found in the hind wings of the Frenatae is 


quite different from that of the fore wings. In the generalized 


|iforms , the Jugatae, in which little progress has been made toward the 
formation of a triangular wing expanse, there is little difference 
ir venation between the two wings. This similarity is shown by 


Spuler's hypothetical figure for the venation of the Lepidoptera. 


ag! ‘oge werd ate 
| x <Q Bigot eon. ae) oot Se ane ia 


i ‘ . a , 
aw ’ a * 
f 5 ,  ™ im as Ps te, et { bg. ~ 
oy aloe 6 in > a ah ; he A ek J - 
po Sed deny, Ee ‘ Pape Sipe El yam pec Bate ryt Met 9 Mi 5 “ 
} 
D we ess c) swetoes sehen 
\ Ls 5 eh MS ‘ . b a A 
a es aides A Ae at Al nd eal ae ee a he ee 3 ee te ta ml mgr 
bf 
i . - 1, om 4 \ 
' , ego renege i Paar ro 
. Pa 5 ~ ‘ . , . Ny “=y, 4 ” . = J 
\ \ one cei lle =~ iegenee tle a ae 4 tu 0 lg 
a & al 
\ pe : (x were te ¥. re j Fi g ' , oe ; 
; we we whet anit Rw Bow Nee # oo he we ow ae ok * YPM o, & By 


fimo 7.2 SBF .8O Peo SORt ies *CGdigtgke gaw. eo Leena ‘elgnigs 


q Pee. | stetachiged od? 30. cia 


! 
1 7 
. » “ * ”~ ’ La - - P 
im ee wy me nw > oe = “ % " Loe ote 49 ast a aut 
done gsofosi? iige lbs eoest 16 sefveatdiete ene oe aoe 
— 
& a £ , 
- ~~ a* r 
a SRO HORE OY Ocoee | fo Luciry ecg Rs) sasess 
f hee f “ _—. a ott 
SS OTs? ‘Tot SHS" 70 FU RET SoGgce Ae OVA tae 


a ‘ “ , —— ek 4 “ e.4 z Pee 2. = : "5 r ; : 
WY Ps: Ae ra a \e led he +e) Ba Fee | fe po ee ie S i, 5 7 é an E38 ) Ren TRE BS Ay 7 a bd 


iow to ead. omg er a¢.tve vba ae eg eee. noses 


Buchk- werd edt nt Teves tapi Ga eee eee ota 


; P f » Se ein a » i aor qe 4 : p oar Palys oo vel .; 
eCHooo wl. Piapsoos Lora. acy Regia Sie ee eae peat: fc7 Z 


” 


ers C82 te poet ofa, eit ectakeghee notgesit Lui 


bth een a. 4 gk fox08 #1 ale tert ford nets! 


LSet RR ae 


LER ee Latae: wl axedy) cose 


kaze cog a 


The only differences indicated by him are the presence of a short 
Jepur arising from the base of subcosta (I) which is wanting in his 
figure of the front wings. He also omits the second branch of the 
third anal trachea (beta) which he figures in the fore wing. The 
jtatter trachea should be included in the scheme of the hind wings, as 
| will be shown later. 

| Spuler's figure exemplifies the generalized venation of the 

| Jugatae, as may be seen by a comparison with Stenopis thule as fig- 
lurea by MacGillivray. The chief difference between the two is the 
jabsence of the first branch of subcosta in the type and its presence 
jin the wing of Stenopis. Among the generalized forms, the hind wing 
lis Only slightly modified from the general plan of the fore wing, as 


is illustrated by Spuler's figure. 


Costa:- The costal vein is present in all wings along the 
| cephalic margin. In a majority of cases it is not strongly chitin- 


j ized and is difficult to identify. However, it is just as charac- 


| 
; 
; 
| 


j teristic of the hind wings as of the fore, as is shown by the presenc 


of a costal trachea in the pupal wings. As the costal margin of the 
hind wing is supported by the anal area of the fore wing, there is no’ 
jneed of a strong vein along the edge of the wing, and a strong vein 


jwould tend to reduce the flexibility of the wing area and thus im- 
| 


}pair its value as an organ of flight. This undoubtedly accounts for 


jthe reduction of the costal vein. 


| MacGillivray figures a chitinized costal vein as present in the 


jPupal wing of Stenopis thule; but no trachea was observed as pre- 


| ceding ae The costal trachea is frequently reduced or apparently 
|| 


wanting, as would be expected in consideration of the usual reduction 
1 7 ‘ 


pet this vein in the adult wing. \ 
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ze The costal trachea is present in some specimens of Euclea quer- 
cots (Fig. 4) and Prolimacodes scapha (Fig. 6) extending cephalad fro 
|j the base of subcosta. It is never strongly developed, and in many 

; instances is apparently wanting. A very similar condition is found 
ian the wings of Alypia octomaculata in which the trachea is a trifle 
|istronger and considerably longer. It is of more general occurrence 
jin these wings, and is bent distad along the cephalic margin of the 
Wwing. 

| A rather weak costal trachea is characteristic of the Ceratocan- 
pidae (Fig. 15), while in the Saturniidae,it is strongly developed 
W(Figs. 23, 40). A rather weak traches, extending ations the cephalic 
Imarein of the wing is present in Ampelophaga myron (Fig. 52). No 
‘jicostal trachea was found in the wings of Epargyreus tityrus, but a 
Tene12 trachea was observed in the wings of Papilio troilus. 

| Subcosta:- The subcostal vein is two-branched in certain of 
Iithe Jugatae, as is the case in the fore wings. This was shown by 

| |ifacGillivray in the instance of Stenopis thule, where the first 
branch of subcosta occurs. It is preceded by a trachea in the pupal 
wings, but this trachea does not extend into the free part of Sey, 
|far as observed. The reduction of the first branch occurs by the 


4 


llatrophy of the free part, as is indicated by the inconstancy of this 


jvein. The distance of the point of origin of the free part of Se, 


3 is so great that coalescence is very improbable. 


7 the tip of Sc 
1 The second branch of subcosta is as constant in the hind as in 


‘the fore wings; and is represented by a very strong trachea in all 
||the specimens examined. The condition of subcosta is illustrated by 


|ithe following figures: Euclea gquerceti (Fig. 4), Alypia octomacu- 


Wlata (Fig. 10), Citheronia regalis (Fig. 15), Telea polyphemus (Fig. 
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33), Samia cecropia (Fig. 40), Ampelophaga myron (Fig. 53), Epargyre 
tit rus (Fig. 54), and Papilio troilus (Fig. 59) 


if The area cephalad of subcosta is usually expanded to furnish an 


area which will extend forward beneath the front wings to ensure co- 
ordination of movement essential in flight. In the moths this area 
jis rarely furnished with veins, as it is held in position by the 
Fjucun or frenulum as the case may be. The only vein, in those cases 
|iwhere the frenulum is developed, is a thickening of the costal margin 
jjof the Wing extending from the base of the wing to the frenulun. 
[mis vein is costa without a doubt. 

| In most of the butterflies and in the Lasiocamp_uidae, among the 
jmoths, the frenulum is atrophied, while a greatly expanded area is 
iaveloped. some support must be given to this area or it would not 


have the stiffness necessary to hold it in place. This is accom- 


| 
. 


plished by the production of secondary veins. In Comstock's Manual, 
these veins in the Lasiocampidae are called humeral veins, while the 
|ispurs in the butterflies, which are apparently identical, are called 


jcosta,I. 


| 


i No pupal wings of any of the Lasiocampidae were available for 
SEs 4 is evident that the spur present in Papilio sot] 
ius cannot be the costal vein. In Figure 61,costa is represented as 
)& very weak trachea extending cephalad along the proximal margin of 
the wing. A similar condition existed in the specimen shown in 

|| Figure 60, but the costal trachea does not appear in the photograph, 
jjowing to that portion of the wing being out of focus. 

| | The. subcostal trachea is the well developed trachea extending 


|| to the apical angle of the wing. It branches near its base and 


lcives rise to a trachea which extends along and beyond the spur de- 
|) \ 


i veloped from the base of subcosta. 
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This trachea cannot be homologous with costa because it is not 
3 found in the position normally occupied by that trachea, while anoth 


‘|itrachea does exist in the wing which, as was shown above, is homolo- 


}gous with costa in other wings. It cannot be the first branch of 


}subcosta because that vein and trachea is atrophied in most of the 


| generalized forms, and no intermediate forms, in which Sc, is present 


| 


ast This trachea cannot represent the humeral cross-vein because | 


cross-veins are not preceded by tracheae; so that even if the vein 


in the adult wing were the humeral cross-vein, this trachea would be, 
secondary in nature. It is possible that the butter- 

| flies are developed along a line that has retained the humeral cross- | 
jvein, but it would be difficult to understand how there could be two | 
numeral Ccross—-veins as in the Lasiocampidae. In the latter case, | 


both veins must be secondary, as none of the relatives of this group 

have such veins. It seems likeythat this vein is secondary in the 

|butterflies as well, because of the usual absence of a humeral cross- 

Reais in more generalized forms. 

: Radius :- Radius is five-branched in the Jugatae as is shown by 

Stenopis figured by MacGillivray. It is practically identical with 

| this vein in the fore wing of the same suborder. ts 
In the Frenatae, however, a considerable reduction has occurred | 

- this vein; only two branches are retained. Comstock, in the 


Manual for the Study of Insects, considered the radius as consisting . 


of a single branch. He overlooked the first branch, which is coal- 


} 
| | 
Jesced with subcosta for most of its length. Spuler had already 
jpointed out this condition in his paper on the phylogeny and ontogeny 
| 


jot the wing veins of the Lepidoptera. There can be no doubt of the 


| 
| homology of this cephalic branch of radius when the pupal wings, are 
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ac oaiaaal Only very specialized forms have this trachea wanting, 
| even in those cases where the cross-vein-like portion of the vein has 
migrated to the base of the wing, and is apparently wanting the trach 
| ea persists. 

There is little variation usually found in the radial trachea. 


4) and Alypia octomaculata (Fig. 10). The proximal cross-vein-like 


portion of the vein has migrated to the base cf the wing in Citheron- 


ia regalis (Figs. 13 and 15), Automeris io (Figs. 17 and 19), Telea 
polyphemus (Figs. 21 and 23), Tropaea luna (Fig. 29) and Philosamia 


——_—— 


Both the vein and trachea are two-branched in Euclea querceti (Fig. 


cynthia (Figs. 48 and 49), and the trachea R, has been retained in 


} 31) and Rothschildia orizaba (Fig. 46), the cephalic branch of the 


trachea is atrophied. It is almost certain that R 


the wing. In Samia cecropia (Fig. 40), Caklosamia promethea (Fig. | 
1 is not always 
present in those forms listed above and not always absent in the 
others. 

In Ampelophaga myron (Fig. 52), Epargyreus tityrus (Fig. 54) and 
, 'Papilio troilus (Fig. 60) this trachea is retained as is the proximal 


portion of the vein which it represents. The radial trachea fre- 


quently gives rise to secondary tracheae which supplant the normal | 


branches of media, as in the fore wing. 
4 Media:- The condition in media is identical to that in the 
fore wing. The basal portion of the vein is atrophied in all but 
|the most generalized forms, and the branches are attached to radius 
land cubitus by the radio-medial and the medio-cubital cross-veins. 
|The trachea retains its proximal portion and usually all of its 


jbranches, but secondary tracheae may take the place of one or even 


fox of these branches. The homology is easily determined, however, 
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iby a comparison with the fore wings. 
The three branches of the medial trachea are separate to the ba 
lof the wing in Euclea querceti (Fig. 4) as in the front wing. In 
| Prolimacodes scapha (Fig. 5), the first branch of the medial trechea 
lis wanting, its place being taken by a secondary branch of radius. 


Media is branched normally in Alypia octomaculata (Fig. 8), and the 


medial cross-vein is wanting. In Citheronia regalis (Fig. 15), 
media is three-branched with no secondary tracheae developed from 


either radius or cubitus, while in AUtomeris io (Fig. 19), Telea 


polyphemus (Fig. 33), Tropaea luna (Fig. 29), Callosamia promethea 
zaba (Fig. 45), 


(Fig. 31), Samia cecropia (Fig. 40), Rothschildia ori 


jand Philosamia cynthia (Fig. 49) of the Saturniidae, there are second 
lary trachea present in this area. In Ampelophaga myron (Fig. 52), 
Epargyreus tityrus (Fig. 54) and Papilio troilus (Fig. 59), media is 
 gihaaaeiabi with no secondary tracheae developed. 

Cubitus:- Cubitus is invariably two-branched in the hind wings 
both veins and tracheae are well-developed with only slight varia- 


tions. Cubitus is illustrated by the following figures: Euclea 
qguerceti (Fig. 4), Alpiz octomaculata (Fig. 10), Citheronia regalis 


| (Fig. 15), Telea polyphemus (Fig. 23), Samia cecropia (Fig. 40), a 


| Philosamia cynthea (Fig. 49), Ampelophaga myron (Fig. 53), Epargyreus 


| tityre s (Fig. 54) and Papilio troilus (Fig. 59). 
| Anal Area:- The anal area of the hind wings of Lepidoptera is 
Jusually not so reduced as is this region in the front wings. There 
a 


eee eset le amount of variability in this regard, however, as is 
shown by the material studied. Euclea guerceti and Prolimacodeg 


\scapha have three anal veins, Alypia octomaculata and Citheronia re- 


| 
| 
| 
y but two, the Saturniidae only one, Ampelophaga myron and Epar- 
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Teyreus tityrus two and Papilio troilus one. In the pupal wing, thes 

are three well-developed tracheae, no matter how many of the veins 

jlare atrophied in the adult wing. The two cephalic tracheae are al- 
ways unbranched, but the third frequently has a small branch extend- 


ing caudad from its proximal portion. As in the fore wing, this 


| 

Seeudal trachea is usually not followed by a vein. Comstock (in 
Beutenmuller's Monograph of the Sesiidae) considers that where a 
fourth anal vein is present in the hind wing, as is the case with 
some members of this group, the third anal vein is branched. The 
frequent presence of the weakly developed trachea representing the 
second branch of the third anal trachea proves that the third anal 
vein is developed around the first branch of the third anal trachea. 
is very uniform; the greatest variability is shown in regard to the 
presence of the second branch of the third anal trachea. Where 


| 
| 


| 

Although the number of veins is not constant,the number of tracheae 
| 

. 

' fiatrophy of one of the three anal véins occurs,it is invariably the 
] 


first that is wanting. The second vein to disappear is the first ~ 
branch of the third. When but one vein is retained, it is invariab- 
ly the second. 


The condition in the anal area is illustrated by the following 


figures:  Euglea querceti (Fig. 4), Citheronia regalis (Fig. 15), 


— ae -_— ne 


|Telea polyphemus (Figs. 21 and 23), Tropaea luna (Fig. 29), Samia 
) 
jcecropia (Figs. 34 and 41), Philosamia cynthia (Figs. 48 and 49), Am- 


! 
|pelopaga myron (Fig. 53), and Papilio troilus (Fig. 59). None of 


; | the preceding examples show the second branch of the third anal trach 
ea. In those following, however, this trachea is present: Proli- 
| 
jmacodes scapha (Fig. 6), Alypia octomaculata (Fig. 10), Automeris io 


I (Fig. 19), Telea polyphemus (Fig. 324), Samia cecropia (Figs. 40 and 


i \ 


42) and Rothschildia orizaba (Fig. 45). Some names appear in both 
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bat 
wists, indicating the high degree of variability that occurs in this 


ftrachea. It is likely that other names would be found in both lists, 


fit & greater number of specimens were examined. 


IV MODIFICATIONS OF THE TRACHEATION 


One of the most conspicuous characteristics of the tracheation 


OL the pupal wings studied was the high degree of variability found 


jin many of the species. The degree to which variation occurred was 


jnot constant in the different groups, the butterflies and the more 


t 


jeeneralized moths were more constant, as a rule, than the more spec- 


jialized moths, as the Saturniidae. Those species in which there had 


| been considerable modification of the tracheation exhibited the great 


lest amount of variation. 


} 
| The variations of most general occurrence may be divided as fol- 


j lows: The splitting-back of the tracheal branches of the main trach 


jeae, thus eliminating the main trunk of the trachea in certain cases, 


| the union of two tracheal trunks which are normally separate, the de- 


|velopment of secondary tracheae, and the atrophy of a trachea which 


fis normally present in the wing. 
} 


The splitting-back of the branches of the tracheae of the pupal 


| 
/ 


jWing is characteristic of Euclea querceti, in particular, although it 


lis found in many groups. In this species (Figs. 3 and 4), practicall 


jall the branches arise in the body cavity,and follow the normal cours 


jof the tracheal trunk until they reach the free part of the branch 


-|Ithey represent along which they extend. The tracheal trunk is want- 


jing and its place taken by a loose coil of the tracheal branches. 


‘|The only case in which any branching occurs within the wings of this 


Hi 
llspecies, so far as observed, is in the case of Rz and R, which are 


cube amekoe gs to Venta 
1 0) ROEM Te 


oS BUGHOLY REDD CRO © a 


Sal’ 


seri imegeert owt, 
‘ay te VOR IORS | Oi eet 
a eee a 


U So lone Te aise hist care 


eat hath oe eedvaet 


a £ 
Wo] 1 Sh oie 


dad feted h 


| 


ndte¢so} tthow old 


t 


yo" und jis veitaes 


_ 


oo hen bala) gaia ate 


tnx? Aggabiieoss 1 


ry “wy v Fe 
Ls “PQuot i MAR 22 +. 


a4 


united until they are just proximad of the forking of the branches | 
|, and R,. 

| A very similar condition is found in the wings of Prolimacodes 

| scaph : In this case, however, the splitting-back is not quite so 
complete as in E. querceti. The secondary trachea arising from rad- 
pius, which takes the place of the first branch of media, is not free 


tO the base of the wing; but is united to radius at the point of or- 


igin of the radio-medial cross-vein. In the hind wing (Fig. 5) the 


radial stem is present,as is usually the case in the pupae. In the . 


ffore wing, radius sometimes has as few as two trachea present in the 

stem of radius. The medial stem is sometimes undivided. 
In Sanninoidea exitosa the splitting-—-back is usually complete, 

as is figured in Bentenmuller's Monograph of the Sesiidae. Isolated 


examples are also found in other groups, but the splitting-back is 


not so complete as in the examples mentioned above. In some speci- 


mens of Basilona imperialis R, is separate from R,, in Automeris io 


—= 


Miya is separate from Mz4, and cubitus is split clear to the base, 
land in Samia cecropia (Fig. 42) cubitus is split back to the base of 
j the wing. 


In a few individuals in the Saturniidae the first anal trachea 


SOOw Te “EEE 


is fused with the cubital trunk for some distance from the base of 


a 8 — —__ __ ________ 


| the wing. This is illustrated by Figure 39 of the fore wing of 
| Samia cecropia,. 


This union of the tracheal trunks is clearly a more special- 


eet condition than where they are free,as is normally the case. It 


| Seems likely, then, that the splitting-back is a more generalized con- 


jdition than is the normal condition. If this is the case, it seems 


Jlaaxery that this may represent a more generalized condition than, that 
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figured by Comstock and Needham in their hypothetical type of wing 


| tracheation. The tendency seems to be for the tracheation to follow 


|| the specialization of the veins,so that the condition illustrated by 


|i the hypothetical type would naturally result from a type in which the 


| trachea are split back to the base of the wing. 


The development of secondary tracheae may occur from the branch- 


les of radius and cubitus, as was shown in the previous pages. In 


Such instances they illustrate the tendency of the tracheation to fol 


‘ j low the specialization of the veins. In other cases they originate 


jfrom the base of the wing, in which case they have no significance 


except to show that variation is of more general accurrence in the 


jtracheation than in the venation of the wings. Examplesbf this de- 


| velopment of secondary tracheae from the base of the wing areshown by 


| 
| Figures 14 and 49. 


The atrophy of a trachea, which is represented by a vein in the 


jadult Wing, is of rather frequent occurrence in the Saturniidae. In 
q 
a cecropia, for example, the trachea representing R, is frequent- 


lly atrophied, as was shown on a previous page. It k@s was beER 


that 
jPointed out at that time, tnis condition indicates that the vein rep- 


‘ 


q | resented by such a trachea is in the process of suppression. 


V SUMMARY 


In the preceding discussion an attempt has been made to prove 


‘|| the following points: 


| 1. The co-called splitting-back of the tracheae in Euclea quer- 


ppeots i, et al., indicates a more generalized tracheation than tha 
| 


yj found in the hypothetical type of Comstock and Needham. 


&. The splitting-back of R in the Rhopalocera indicates a 


i A+5 
generalized rather than a specialized condition. 
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ae The coalescence of the tracheal trunks may occur in special- 
ized Ruins as illustrated by the cubital and the first anal trachea, ||4<¢~ 
| 4. The loss of a tracheal branch may precede the loss of the vei 
which is usually formed around it. 

| 5. The tracheae developed from radius and from cubitus which 
|were described by Enderlein as Ra $5 and the medio-cubdital cross-vein 
‘| respectively, are secondary in origin. 

. 6. The tendency exists for the tracheation to follow the special 
ization of the venation with the consequent suppression of some of 
jjthe stages in the ontogeny. 

7. The reduction characteristic of the radial area of the Sat- 
urniina is accomplished by the coalescence of Rz and Ry. 

| 8. The spur which is characteristic of the humeral area of cer- 
tain Heterocera and Rhopalocera is secondary in origin. 


9. The third anal trachea of the hind wings of the Lepidoptera 


is typically two-branched, as is the case in the fore wings. 
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VII EXPLANATION OF PLATES 
Plate I 
Hypothetical type of comstock and Needham 
Pupal fore wing of Gelechia sp. 
Plate 3 
Pupal fore wing of Euclea querceti 
Pupal hind wing of Euclea querceti 
Plate 3 
Pupal hind wing of Prolimacodes scapha 
Basal area of pupal hind Gis of Prolimacodes scapha 


Plate 4 


Radial area of the pupal fore wing of Alypia octomacu- 


lata 
Pupal fore wing of Alypia octomaculata 
Plate 5 
Anal area of the pupal hind wing of Alypia octomaculata 
Pupal hind wing of Alypia octomaculata 
Plate 6 
Pupal wing of Basilona imperialis 
Adult wing of Citheronia regalis 
Plate 7 
wing of Citheronia regalis 
wing of Citheronia regalis 
| Plate 8 
wing of Citheronia regalis 
wing of Automeris io 
Plate 9 
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Pupal fore wing of Automeris io 
Plate 10 
Pupal hind wing of Automeris io 
Adult fore wing of Telea polyphemus 
Plate 11 
Adult hind wing of Telea polyphemus 
Pupal fore wing of Telea polyphemus 
Plate 12 
Pupal hind wing of Telea polyphemus 
Pupal hind wing of Telea polyphemus 
Plate 13 
Adult fore wing of Callosamia angulifera 
Pupal fore wing of Callosamia angulifera 
Plate 14 | 
Pupal hind wing of Callosamia angulifera 
Pupal fore wing of Tropaea luna 
Plate 15 
Pupal hind wing of Tropaea lune 
Pupal fore wing of Callosamia promethia 
Plate 16 
Pupal hind wing of Callosamia promethia 
Pupal fore wing of Samia rubra 
Plate 17 
Adult fore wing of Samia cecropia 
Adult hind wing of Samia cecropia 
Plate 18 
Fig. 35 Pupal fore wing of Samia cecropia 


Fig. 36 Pupal fore wing of Samia cecropia \ 
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Plate 19 
Pupal fore wing of Samia cecropia 
Pupal fore wing of Samia cecropia 
Plate 30 
Pupal fore wing of Samia cecropia 
Pupal hind wing of Samia cecropia 
Plate 21 
Pupal hind wing of Samia cecropia 
Pupal hind wing of Samia cecropia 
Plate 32 
Adult fore wing of Rothschildia orizaba 
Pupal fore wing of Rothschildia orizaba 
Plate 33 
Pupal hind wing of Rothschildia orizaba 
Pupal hind wing of Rothschildia orizaba 
Plate 324 
Pupal fore wing of Philosamia cynthia 
Adult hind wing of Philosamia cynthia 


Plate 25 _ 
Pupal hind wing of peeuigeeei a cynthia 
Pupal fore wing of Ampelophaga myron 

Plate 26 
Anal area of the pupal hind wing of Ampelophaga myron 
Pupal hind wing of Ampelophaga myron 

| Plate 37 

Pupal fore wing of Epargyreus tityreus 
Pupal hind wing of Epargyreus tityreus 

Plate 328 ‘ 


Adult fore wing of Papilio turnus 
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Adult hind wing of Papilio turnus 
Plate 29 

Pupal fore wing of Papilio troilus 

Basal portion of the pupal fore wing of Papilio troilus 
Plate 30 

Pupal hind wing of Papilio troilus 

Humeral area of the pupal hind wing of Papilio troilus 
Plate 31 

Pupal hind wing of Papilio troilus 

Humeral area of the pupal hind wing of Papilio troilus 
Plate 32 | 

Pupal fore wing of Datana ministra 

Spuler's scheme of the tracheation of the primitive lep 

idopterous wing 
Plate 33 

Pupal fore wing of Hepialus thule, after MacGillivray 


Pupal hind wing of Hepialus thule, after MacGillivray 
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Fig. 8 Pupal fore wing of Gelechia sp. 
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g. 1 Hypothetical type of Comstock and Needha: 
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Plate 2 


Fig. 3 Pupal fore wing of Euclea querceti 
Fig. 4 Pupal hind wing of Euclea querceti 2 
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i Fig. 7 Radial area of the pupal fore wing of Alypia octomaculata 
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Fig. 8 Pupal fore wing of Alypia octomaculata 
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Fig. 9 Anal area of the pupal hind wing of Alypia octoma 


Fig. 10 Pupal hind wing of Alypia octomaculata 
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Fig. 11 Pupal fore wing of Basilona imperialis 


. Fig. 12 Adult fore wing of Citheronia regalis 
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Fig. 13 Adult hind wing of Citheronia regalis 
Fig. 14 Pupal fore wing of Citheronia regalis ; 
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1 Fig. 15 Pupal hind wing of Citheronia regalis 
Fig. 16 Adult fore wing of Automeris io 
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Plate 9 


é. Fig. 17 Adult hind wing of Automeris io 


Fig. 18 Pupal fore wing of Automeris io 
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Adult fore wing of Telea polyphemus 
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Plate ll 


Fig. 21 Adult hind wing of Telea polyphemus 


Fig. 828 Pupal fore wing of Telea polyphemus 
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Fig. 23 Pupal hind wing of Telea polyphemus 
Fig. 24 Pupal hind wing of Telea polyphemus 
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Plate 13 


Fig. 25 Adult fore wing of Callosamia angulifera 
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Fig. 27 Pupal hind wing of Callosamia angulifera 


Fig. 28 Pupal fore wing of Tropaea luna 
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Fig. 29 Pupal hind wing of Tropaea luna 


Fig. 30 Pupal fore wing of Callosamia promethia 
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. 980 Pupal fore wing of Samia rubra 
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Fig. 33 Adult fore wing of Samia cecropia 


Fig. 34 Adult hind wing of Samia cecropia 


Plate 18 


Fig. 35 Pupal fore wing of Samia cecropia 


Fig. 36 Pupal fore wing of Samia cecropia 
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ig. 37 Pupal fore wing of Samia cecropia 
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Fig. 38 Pupal fore wing of Samia cecropia 
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Plate 30 


Fig. 39 Pupal fore wing of Samia cecropia 


Fig. 40 Pupal hind wing of Samia cecropia 
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Fig. 41 Pupal hind wing of Samia cecropia 


Fig. 42 Pupal hind wing of Samia cecropia 
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| Fig. 45 Pupal hind wing of Rothschildia orizaba 

Fig. 46 Pupal hind wing of Rothschildia orizaba 
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Plate 24 


Fig. 47 Pupal fore wing of Philosamia cynthia 
Fig. 48 Adult hind wing of Philosamia cynthia 
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Fig. 49 Pupal hind wing of Philosamia cynthia 


Fig. 50 Pupal fore wing of Ampelophaga myron 
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Fig. 51 Anal area of the Pupal hind wing of Amphelophaga myron 
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i Fig. 52 Pupal hind wing of Ampelophaga myron 
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Adult fore wing of Papilio turnus 


Adult hind wing of Papilio turnus 
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Fig. 57 Pupal fore wing of Papilio troilus 


Fig. 58 Basal portion of the pupal fore wing of Papilio troilus 
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Pupal hind wing of Papilio troilus 
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Humeral area of the pupal hind wing 
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i Fig. 61 Pupal hind wing of Papilio troilus 


Fig. 66 Humeral area of the pupal hind wing of Papilio troilus 
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Plate 32 


Fig. 63 Pupal fore wing of Datana ministra 


' Fig. 64 Spuler's scheme of the tracheation of the primitive 
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lepidopterous wing 
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Fig. 1. Hepialus thule, pupal wings. 


Figs. 65 and 66 Pupal wings of Hepialus thule, after MaeGilli- } 
vray 
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